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CHECK VALVE, IN PARTICULAR FOR A HIGH-PRESSURE PUMP OF A FUEL 
INJECTION SYSTEM FOR AN INTERNAL COMBUSTION ENGINE 



[0001] Prior Art 



[0002] The invention is based on a check valve, in particular for a high-pressure pump of a 
fuel injection system for an internal combustion engine, as generically defined by the 
preamble to claim 1 . 



[0003] One such check valve is known from German Patent Disclosure DE 197 44 577 Al. 
This check valve is inserted into a bore in the high-pressure pump and has a pistonlike valve 
member which cooperates with a valve seat in order to control the inflow of fuel into a pump 
work chamber of the high-pressure pump. The check valve has a multi-part valve housing, 
and the valve member is guided displaceably in a first part of the valve housing. The valve 
member is urged in the closing direction toward the valve seat by a prestressed closing spring 
and is urged in the opening direction away from the valve seat by the pressure prevailing in 
the fuel inlet. The valve member is inserted from the side of the valve seat into the first part 
of the housing and protrudes into a recess of an adjacent second part of the valve housing, in 
which the closing spring is located. The first part of the valve housing having the valve 
member and the closing spring is inserted into the bore of the high-pressure pump, and the 
second part of the valve housing is then inserted into the bore in order to fix the first part of 
the valve housing in the bore. Because of the two parts of the valve housing, the check valve 
has a complicated construction, and because of their separate installation it also requires 
major effort and assembly. 
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[0004] Advantages of the Invention 

[0005] The check valve of the invention having the characteristics of claim 1 has the 
advantage over the prior art that because of its one-piece valve housing, it is constructed 
simply and is simple to install. 

[0006] Advantageous features and refinements of the check valve of the invention are 
disclosed in the dependent claims. The embodiment of claim 4 makes a relief of the recess of 
the valve housing and thus fast closure of the check valve possible. The embodiment of 
claims 5 through 8 makes a flow through the check valve with only slight losses possible. 

[0007] Drawing 

[0008] One exemplary embodiment of the invention is shown in the drawing and described 
in further detail in the ensuing description. Fig. 1 shows a high-pressure pump for a fuel 
injection system of an internal combustion engine; Fig. 2 shows a check valve of the high- 
pressure pump in an enlarged view in longitudinal section; Fig. 3 shows the check valve in a 
cross section taken along the line III-III in Fig. 2; Fig. 4 shows the check valve in a modified 
version in a section taken along the IV-IV in Fig. 3; and Fig. 5 is a detail of the check valve in 
a further modified version. 

[0009] Description of the Exemplary Embodiment 

[0010] In Fig. 1, a high-pressure pump 10 for a fuel injection system of an internal 
combustion engine is shown, the engine preferably being a self-igniting engine. By means of 
the high-pressure pump 10, fuel is pumped at high pressure into a reservoir 12, from which 
fuel is withdrawn for injection to the engine. The high-pressure pump 10 is supplied with 
fuel by a feed pump 14. The high-pressure pump 10 has at least one pump element 16, which 
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has a pump piston 20 driven at least indirectly by a drive shaft 1 8 of the high-pressure pump 
10 in a reciprocating motion. The pump piston 20 is guided tightly in a cylindrical bore 22 
extending at least approximately radially to the drive shaft 18 and, in the outer end region of 
the cylindrical bore 22 facing away from the drive shaft 18, the pump piston defines a pump 
work chamber 24. The drive shaft 1 8 has a cam or a shaft portion 26 that is eccentric to its 
axis of rotation 19, by way of which portion the reciprocating motion of the pump piston 20 is 
accomplished upon the rotary motion of the drive shaft 18. The pump work chamber 24 can 
be made to communicate with a fuel inlet from the feed pump 14 via an inlet valve 30 that 
opens into the pump work chamber 24 and is embodied as a check valve. The pump work 
chamber 24 can moreover be made to communicate with a fuel outlet to the reservoir 12, via 
an outlet valve 32, embodied as a check valve, that opens out of the pump work chamber 24. 
In the intake stroke, the pump piston 20 moves radially inward in the cylindrical bore 22, so 
that the volume of the pump work chamber 24 is increased. In the intake stroke of the pump 
piston 20, because of the existing pressure difference, the inlet valve 30 is opened, because 
the feed pump 14 generates a higher pressure than the pressure prevailing in the pump work 
chamber 24, and so fuel pumped by the feed pump 14 is aspirated into the pump work 
chamber 24. The outlet valve 32 is closed upon the intake stroke of the pump piston 20, since 
a higher pressure prevails in the reservoir 12 than in the pump work chamber 24. 

[001 1] The inlet valve 30 will now be described in further detail in conjunction with Figs. 2 
through 4. The inlet valve 30 is inserted into a bore 34, radially outwardly adjoining the 
cylindrical bore 22, of a housing part 36 of the high-pressure pump 10. The bore 34 is 
embodied with a larger diameter than the cylindrical bore 22. The housing part 36 may for 
instance be a cylinder head, which is connected to another housing part in which the drive 
shaft 18 is supported, or a housing part in which the drive shaft 18 is also supported. A fuel 
inlet conduit 38 which communicates with the feed pump 14 discharges into the bore 34, for 
instance approximately radially to the axis of the bore 34, near the end region of the bore 
toward the cylindrical bore 22. The inlet valve 30 has a one-piece valve housing 40, which is 
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embodied as cup-shaped. The valve housing 40 has a jacket region, which defines a recess 
41, and a bottom 42 adjoining the jacket region. The valve housing 40 points outward with 
the open end of its recess 41 . With its bottom 42, the valve housing 40 points inward toward 
the cylindrical bore 22, and a bore 44 is made, with its longitudinal axis 45 at least 
approximately coaxial to the cylindrical bore 22, in the bottom 42. Toward the cylindrical 
bore 22, the bore 44 has a portion 44a of large diameter, and toward the recess 41 of the valve 
housing 40 it has a portion 44b of smaller diameter. At the mouth of the bore portion 44a 
toward the cylindrical bore 22, there is a valve seat 48, for instance embodied approximately 
conically. The valve housing 40 may for instance be embodied as a forged part, into which 
the bore 44 is made after the forging and the valve seat 48 is made. 

[0012] At least one inlet conduit 50 extending at least approximately perpendicular to the 
longitudinal axis 45 of the bore 44 is made in the bottom 40 of the valve housing 40, and this 
inlet conduit discharges on one end at the outer jacket of the bottom 42 and on the other in the 
bore portion 44a. Preferably a plurality of inlet conduits 50, for instance three, distributed 
uniformly over the circumference of the valve housing 40 are provided. The inlet conduits 50 
discharge into the bore portion 44a in such a way that their longitudinal axes 5 1 do not 
intersect the longitudinal axis 45 of the bore portion 44a, and the inlet conduits 50 discharge 
at least approximately at a tangent into the bore portion 44a, as shown in Fig. 3. In the region 
of the bottom 42, the valve housing 40 has a somewhat reduced diameter, so that an annular 
chamber 52 is formed between the outer jacket of the bottom 42 and the bore 44. The inlet 
conduit 38 and the inlet conduits 50 in the bottom 42 discharge into the annular chamber 52. 
At least one bore 54 which connects the recess 41 of the valve housing 40 with the annular 
chamber 52 is made in the jacket of the valve housing 40. 

[0013] The inlet conduits 50 may be embodied as bores, as is shown in Figs. 2 and 3. 
Alternatively, as shown in Fig. 4, the inlet conduits 50 may have a noncircular cross section. 
The inlet conduits 50 may in particular be embodied such that their width is greater in the 
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direction of the longitudinal axis 45 of the bore 44 than perpendicular to the longitudinal axis 
45, as is shown in Fig. 4. The inlet conduits 50 can be made with this cross-sectional shape 
for instance by beginning with a bore and eroding the noncircular cross section. The end 
region of the inlet conduits 50 is preferably rounded, as shown in Fig. 4, where they discharge 
into the bore 44. The embodiment described above of the at least one inlet conduit 50 is 
independent of the one-piece embodiment of the valve housing 40 and can also be employed 
in arbitrary other versions of the valve housing 40, including multi-part versions. 

[0014] The inlet valve 30 has a pistonlike valve member 60, which is guided displaceably 
with a shaft 62 in the bore portion 44b and which with the end region of the shaft 62 
protrudes out of the bore portion 44b into the recess 41 of the valve housing 40. An 
extension 43 protruding into the recess 41 can project from the bottom 42, in order to assure a 
great length of the bore portion 44 and thus good guidance of the shaft 62 of the valve 
member 60. On its end region facing away from the shaft 62, the valve member 60 has a 
closing body 64 that is larger in diameter than the shaft 62. The valve member 60 has a 
constriction in a region 66 located in the bore portion 44a, between the closing body 64 and 
the shaft 62. The constricted region 66 of the valve member 60 is preferably in rounded form. 
At the transition to the constricted region 66, a sealing face 68 is embodied on the closing 
body 64 and may for instance be embodied conically. 

[0015] A closing spring 70 is located in the recess 41 of the valve housing 40 and is braced 
on one end on the inside of the bottom 42 and on the other on the valve member 60 via a 
spring plate 72. An annular groove 74 is made in the end region of the shaft 62 of the valve 
member 60 located in the recess 4 1 of the valve housing 40, and a resilient securing ring 76 is 
snapped into the annular groove and thereby retains the spring plate 72. By means of the 
prestressed closing spring 70, the valve member 60 is urged in its closing direction, in which 
it comes to rest with its sealing face 68 on the valve seat 48. The open end of the recess 41 of 
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the valve housing 40 is closed with a cap 78, which is for instance press-fitted into the recess 
41. 



[0016] The valve housing 40 is preferably screwed into the bore 34 of the housing part 36; 
the valve housing 40 has a male thread and the bore 34 has a female thread. A profile 80 is 
made on the outer periphery of the recess 41, so that the valve housing 40 can be engaged 
with a suitable tool for rotation. Sealing between the annular shoulder 33, formed at the 
transition from the cylindrical bore 22 to the bore 34, and the face end, toward the annular 
shoulder, of the bottom 42 of the valve housing 40 can be assured by a sealing disk 82 located 
between the annular shoulder 33 and the bottom 42. When the valve housing 40 is screwed 
into the bore 34, the sealing disk 82 is deformed elastically or plastically and thereby assures 
the sealing. The sealing disk may be of plastic or soft metal, such as soft iron or copper. 
Alternatively, the sealing disk 82 may be omitted; in that case, a narrow, raised sealing edge 
is embodied on the bottom 42 of the valve housing 40 or on the annular shoulder 33, and 
when the valve housing 40 is screwed into the bore 34, this edge is deformed elastically or 
plastically and assures the sealing. In another alternative, the annular shoulder 33 and the 
face end of the bottom 42 may also be provided with flat sealing faces, which are pressed 
against one another when the valve housing 40 is screwed into the bore 34. Sealing off of the 
bore 34 from the outside is effected by means of a sealing ring 84, fastened between the outer 
jacket of the valve housing 40 and the bore 34, near the outer end of the valve housing 40. 

[0017] The valve member 60 is urged in its opening direction by the pressure generated by 
the feed pump 14 and delivered to the bore portion 44a via the inlet regions 50. The area of 
the valve member 60 urged in the opening direction by the pressure, at the transition to the 
closing body 64, is greater than the area toward the shaft 62 urged in the closing direction, so 
that a force is generated that acts in the opening direction on the valve member 60. In the 
intake stroke of the pump piston 20, a higher pressure, generated by the feed pump 14, . 
prevails in the fuel inlet than in the pump work chamber 24, so that the valve member 60 
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opens counter to the force of the closing spring 70 and with its sealing face 68 lifts away from 
the valve seat 48, thus uncovering an annular flow cross section into the pump work chamber 
24. The inflow of the fuel from the inlet regions 50 into the bore portion 44a is effected with 
only slight flow losses, because of the tangential discharge of the inlet regions 50 into the 
bore portion 44a. The tangential discharge from the inlet regions 50 causes the inflowing fuel 
to swirl. The outlet of the inlet regions 50 in the bore portion 44a may be rounded. By the 
rounded embodiment of the constricted region 66 of the valve member 60, an outflow of fuel 
from the bore portion 44a is also effected through the annular gap between the sealing face 68 
of the valve member 60 and the valve seat 48 into the pump work chamber 24. Good filling 
of the pump work chamber 24 is thus enabled. Possible wear of the sealing face 68 of the 
valve member 60 and of the valve seat 48 on the valve housing 40 does not lead to any 
change in the areas of the valve member 60 acted upon by pressure and thus also causes no 
change in the opening differential pressure of the inlet valve 30. The recess 41 in the valve 
housing 40 communicates with the annular chamber 52 via the bore 54, so that upon the 
opening stroke of the valve member 60, fuel positively displaced by the valve member out of 
the recess 41 can flow into the annular chamber 52, and upon the closing stroke, fuel can flow 
out of the annular chamber 52 into the recess 41. As a result, fast closure of the inlet valve 30 
is attained, and a pressure increase in the recess 41 and an attendant load on the cap 78 are 
prevented. 

[0018] In Fig. 5, the inlet valve 30 is shown in a detail of a modified version compared to the 
version in Fig. 2. The basic construction of the inlet valve is unchanged; only the 
embodiment and fastening of the spring plate 172 on the shaft 62 of the valve member 60 is 
modified. The spring plate 1 72 is embodied in sleevelike form and is for instance pressed 
onto the shaft 62 of the valve member 60. In this version, the annular groove 74 and the 
securing ring 76 that are provided in the version of Fig. 2 can be omitted, so that the structure 
of the inlet valve 30 is correspondingly simplified. 
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